Abstract-This paper presents the design, analytical estimation of power losses, and experimental measurement of choke inductors for switched-mode power inverters. The described approach is applicable to a wide variety of circuits such as Class-E inverters and converters. The expressions required to design the magnetic core in the choke inductor using the area-product ( A p ) method are given. The equations for the dc resistance, ac resistance at high frequencies, and dc and ac power losses are provided for the solid round winding wire. To validate the presented approach, an example class-E zero-voltage switching power inverter with practical specifications is considered. A core with air gap is selected to avoid core saturation in the choke inductor, which conducts dc current and a small ac current. The gapped core power loss density and power loss are estimated using Steinmetz empirical equation. It is shown that the winding power loss due to the dc current is dominant for the given design. A comparison between the area-product A p method and the preexisting core geometry coefficient K g method is presented. The measured magnitude of the inductor impedance has shown that the designed choke is useful up to ten times the switching frequency.
AC winding resistance at room temperature.
P Rwdc
Conduction power loss caused by dc choke current.
P Rwac
Conduction power loss caused by fundamental component of choke current.
P vg
Gapped-core power loss density.
P Cg
Gapped-core power loss.
P L f
Total power loss in choke inductor.
C tt
Turn-to-turn capacitance of single-layer choke inductor.
C s
Total self-capacitance of single-layer choke inductor. p Winding pitch. k c Capacitance factor dependent on number of conductor turns.
Z s
Impedance of the choke inductor. f 0 , ω 0 Self-resonant frequency, angular self-resonant frequency. f zi , ω zi Frequency of zero, angular frequency of zero. Q 0 Unloaded quality factor of choke inductor. ξ Damping factor of choke inductor.
F f
McLyman's fringing factor. V DSM , I DM Maximum manufacturer-specified switch voltage and current stresses. η Efficiency of class-E amplifier. η p Porosity factor. ρ w (T ) Resistivity of conductor at any temperature T . 
I. INTRODUCTION

M
AGNETIC components are integral parts of many electronic circuits. A good dc choke must ideally conduct only the dc component of its current. However, in practical situations, chokes also allow a fraction of ac current in addition to its dc component. Moreover, the waveform of the ac component at high frequencies is not sinusoidal resulting in losses due to high-order harmonics. A detailed design methodology for a magnetic component must address the following. 1) Select an appropriate core, which satisfies both electromagnetic conditions and core window area restrictions [1] - [7] , [29] . 2) Choose a sufficient air-gap length to avoid core saturation and minimize core power loss [8] - [12] 3) Provide an optimized winding geometry and winding arrangement [13] - [15] . 4) Predict the winding and core power losses; hence, the total power loss [16] - [19] . 5) Identify an appropriate model that best represents the inductor behavior over a range of operating frequencies and to be able to predict the ac characteristics [20] - [25] . This paper presents a comprehensive procedure to design the choke inductors such as those used in class-E power inverters. These inverters belong to a class of highly efficient electronic circuits. Therefore, the component design must be optimized to yield a maximum efficiency. Primarily, two main methods exist for designing the dc choke inductor [1] - [5] : area-product A p method and core-geometry coefficient K g method. The K g method does not take the wire current density into account. If the core-geometry coefficient is overestimated, then the wire current density exceeds its maximum value. Therefore, the iteration must be repeated until the current density condition is satisfied. In addition, the K g method assumes that the ac losses in the winding and the core are much smaller than the dc winding loss. This requires a high inductance and a larger core volume. On the upside, this method directly predicts the winding power loss in the choke inductor. The design of choke inductor for power inverters using the K g method was developed in [4] . In this paper, the choke inductor is designed using the area-product A p method. This is a widely adopted method to design magnetic components, especially in pulse width modulation (PWM) dc-dc converters as well as in ac resonant circuits [2] , [5] . Since a majority of the current is dc, an air gap is essential to avoid core saturation and operate within permissible temperature limits [8] - [10] . An expression to estimate the minimum air gap length required to avoid the two restrictions is provided in Sections III-B and -C. The core losses in ac choke inductors are significantly higher than that in dc choke inductors. An attractive method for core loss measurement was proposed in [29] . As air gap is introduced, the ac flux density in the core decreases by a large factor, thereby reducing the core power loss [9] , [10] . A loss estimation method for the choke inductor with a gapped core for dc chokes is presented in this paper. The analysis presented in this paper includes the effect of fringing [1] . Typically, in switching circuits, the current through the choke inductors are nonsinusoidal [11] , [16] , [25] , [27] , [28] , [30] . The losses in the winding as well as in the magnetic core are caused by the dc, fundamental and higher order harmonics. Therefore, Fourier analysis is performed and the magnitude of the harmonic components are evaluated.
The objectives of this paper are as follows. 1) To develop a theoretical framework required to design choke inductors for switched-mode power inverters. 2) To derive the relevant expressions required to design the magnetic gapped core using the area-product method. 3) To determine impedance characteristics and compute the useful bandwidth of the choke inductor. 4) To present the design equations necessary to calculate dc and ac resistances and the corresponding dc and ac power losses. 5) To validate the design of a class-E power inverter through experimental results.
II. DESIGN EXPRESSIONS
The main intent of this section is to present a step-by-step solution through analytical expressions required to design the choke inductor. The Fourier analysis of the choke inductor current has been introduced here. The area-product ( A p ) method has been widely discussed in the literature for PWM dc-dc converters. However, a systematic theoretical framework to use the A p method for the design of magnetic cores in choke inductors has not been previously reported. The relevant expressions for the core and winding power losses are discussed. The technique to determine the frequency response and hence the bandwidth of the choke inductors is also presented here.
A. Fourier Analysis of Choke Inductor Current
A switched-mode power inverter consists of dc supply voltage V I , a switch S operating at a switching frequency f s , a choke inductor L f , a passive resonant network, and load resistance R L . The output power of the inverter is denoted as P O . Detailed circuit operation of inverters, for example in class-E mode has been discussed in [26] . The choke inductance L f conducts the input current I I = I L f and comprises an ac component i L f superimposed on a load-dependent dc component given by
The supply dc current is
where η is the overall efficiency of the inverter and P I is the supply power. The maximum choke inductor current ripple occurs at a duty ratio D = 0.5 [26] . During the charging instant, the voltage across the choke inductor is v L f = V I . Therefore, the peak-to-peak inductor current ripple is
The amplitude of the ac current component is
The choke inductor must be able to reduce the ac component i L f ideally to zero and conduct only the dc current I L f . In practical cases, the choke can be designed to reduce the inductor current ripple by a factor δ r = I L f m /I L f . A very low ripple factor δ r is preferred. The peak current I L f (max) through the choke is
The ac component of the current through the choke is approximated by a symmetrical triangular wave of magnitude I L f m as shown in Fig. 1 . The Fourier series expansion of the triangular wave is
where ω s is the angular switching frequency. The fundamental component of the triangular waveform is
The third harmonic component is
The even harmonics (n = 2, 4, 6, ...) are zero since the triangular waveform is assumed to be symmetric about its dc value. By expanding the series, it can be noted that the amplitudes of the harmonics for n ≥ 3, i.e., I m3 , I m5 , ... are much lower than the amplitude of the fundamental I m1 . Therefore, the effect of the higher order harmonics of the choke inductor current on the winding and core power can be neglected. One must note that the nature of the inverter operation causes the choke inductor waveform to increase and decrease in an exponential fashion rather than as a pure triangular wave. Such a waveform results in even harmonic components, however, have negligible current magnitudes compared to the fundamental component.
B. Design of Magnetic Core Using Area-Product Method
To design the choke, the magnetic material, core shape and size, winding wire diameter, and number of turns must be estimated. The area-product method relates the geometrical core parameters described by the core manufacturers with the inductor magnetic and electric parameters [2] . The maximum energy stored in the choke inductor due to both dc and ac currents is
The window utilization factor K u and the saturation flux density B s are assumed a priori for the maximum inductor current and the maximum operating temperature. The current density of the conductor is selected based on the rms current requirement and is discussed in the following section. The core area-product is given by [2] 
where W a is the core window area and A c is the core crosssectional area, both of which are mentioned in the core manufacturer datasheet. The quantity J rms is the rms wire current density, where J rms = 5 A/mm 2 is used in this paper. Furthermore, the window area is estimated from (10) as
The minimum gap length to avoid core saturation is [9] (12) where μ 0 is the permeability of free-space, μ rc is the relative permeability of the core material, l c is the mean magnetic path length. A standard gap length l g > l g(min) is chosen, which satisfies B pk << B s , where B pk is the peak flux density. For the selected gap length, the number of turns required to meet the desired inductance is
Alternatively, low iron powder cores with a low relative permeability μ rc can be utilized. This affects the winding design.
The dc current as well as the ac current through the choke are functions of the load resistance of the inverter. In several applications, for example, class-E zero-voltage switching (ZVS) inverter in wireless power charging systems, the load resistance is a function of the distance between the transmission coil and the receiver coil. In such operating conditions, the dc and ac currents may exceed a critical value causing the core to saturate. This requires an air gap in the core. For the gapped core, the peak value of the magnetic flux density in the core of the choke inductor is given as
However, the amplitude of magnetic flux density due to the fundamental of the ac component of the choke inductor current is
For the gapped core, the Steinmetz empirical equation for the power loss density at frequency f s is [8] , [9] 
where k, a, and b are the Steinmetz empirical coefficients [8] . Consequently, the total power loss in the gapped core is
where V c = A c l c is the volume of the core.
C. Winding Design
This section provides a methodology to design the inductor with a solid round winding. The solid round winding is designed to withstand the maximum current stress at a uniform dc current density. Assuming a copper conductor, the skin depth as a function of frequency is [2] δ w = ρ w π f s μ r μ 0 (18) where ρ w = 1.724 × 10 −8 ·m at T = 25
• C is the resistivity of the conductor, f s is the operating frequency, μ r is the relative permeability of the conductor (μ r = 1 for metals), and μ 0 is the absolute permeability of free space. For a wire current density J m , the miminum wire cross-sectional area A w(min) required to withstand the peak inductor current I L f (max) is
Assuming that a solid round wire is used, the chosen wire must have an inner diameter d i greater than d i(min) given by (20) which can be selected from a wire datasheet. In addition, the average length per turn l T of the winding wound around the core is estimated. The total length of the winding is l w = Nl T . The dc resistance of the solid-round winding is
The conduction power loss due to the dc component is
The solid-round winding wire ac resistance of single-layer inductor is determined by Dowell's equation [3] 
where A is the relative winding inner diameter given by
where η p is the porosity factor. The winding power loss due to the ac component
The selected core allows for a single layer winding to be wound, and therefore, the proximity effect is neglected in this paper. For the designed inductor with solid-round winding, the total power loss is the sum of the core power loss given in (17), the power loss due to dc current given in (22) , and the winding loss given in (25) , and is expressed as
D. Choke Impedance
The parasitic components, such as the turn-to-turn capacitance and winding-to-core capacitance, create an upper limit for the useful bandwidth of the choke inductor [22] - [24] . The lumped-element model of a choke inductor is shown in Fig. 2 . The resistance R w is the ac series winding resistance, L f is the inductance [14] - [19] , and C s is the self-capacitance.
The turn-to-turn capacitance of single-layer inductor with separation between adjacent turns
where l T is the wire length-per-turn, p is the winding pitch, 0 = 8.854 × 10 −12 F/m is the permittivity of free space, r is the relative permittivity, and d i and d o are the inner and outer diameters of the winding, respectively. For a multilayer inductor with N turns of winding and a magnetic core, the selfcapacitance can be determined as [23] C s = k c C tt (28) where k c is the coefficient dependent on the number of turns required to estimate the total self-capacitance of the winding conductor for inductors with magnetic core. The value of k c is k c = 1.375 for N = 5, k c = 1.3684 for N = 6, k c = 1.3666 for N = 7, k c = 1.3662 for N = 8, k c = 1.3661 for N = 9, and k c = 1.366 for N ≥ 10 and is explained in detail in [23] . At high frequencies, the displacement current bypasses the inductance and flows through the capacitance. The impedance of the choke model shown in Fig. 2 is
where the frequency of the zero, self-resonant frequency, and the quality factor are, respectively
III. DESIGN OF CHOKE FOR CLASS-E POWER INVERTER
A. Electrical Parameters
A choke inductor is designed for an example class-E power inverter with the following specifications: supply voltage V I = 5 V, output power P O = 10 W, switching frequency f s = 250 kHz. The initial efficiency of the inverter is assumed as η = 0.95 and the loaded quality factor of the resonant circuit is Q L = 10. From [26] , the load resistance is The dc input current using (2) is I I = I L f = 2.105 A. The amplitude of the ac current through the choke inductance using (4) is I L f m = 125 mA. Therefore, the peak value of the choke inductor current is I L f (max) = I L f + I L f m = 2.23 A. The peak current is assumed as I L f (max) = 2.5 A in order to provide a considerable safety margin.
B. Selection of Magnetic Core and Winding Wire
The maximum energy stored in the choke inductor using (9) is
Assume the following parameters for the core: current density J rms = 5 A/mm 2 , window utilization factor K u = 0.3, saturation magnetic field density B s = 0.25 T at T = 90
• C for P-type material. The core area product using (10) is
A Magnetics ferrite gapped pot P-type core 43019UG was selected, which has: 1) core area product A p = 0.74 cm 4 ; 2) core cross-sectional area A c = 137 mm 2 ; 3) mean magnetic path length l c = 45.2 mm; 4) relative permeability of the core material μ rc = 2500. The P-type material has the following properties. The maximum usable frequency is 1.8 MHz, Curie temperature is T c = 210
• C, saturation flux density at T = 25 • C is 0.47 T, and resistivity is 5 · m. The fundamental frequency and its third harmonic are within the bandwidth of the core. The selected core has a standard gap length of l g = 1.25 mm. In order to ensure the gap length suffices that required to avoid core saturation, one may calculate the minimum gap length as
which is lower than the chosen l g = 1.25 mm. The number of turns needed to achieve the required inductance using the selected gapped core is
The number of turns N = 18 was selected. For the selected core, the effective height is 2D − l g = 13 − 1.25 = 11.75 mm, where 2D is the height of the core window typically provided in core manufacturer datasheets. The McLyman's fringing factor is [1]
The inductance including the fringing effect is
As desired, the actual choke inductance due to fringing effect is higher than the calculated value given in (32) . The crosssectional area required by the winding to sustain the current stresses using (19) is 
Using (11) 
which ensures that the selected core can sufficiently accommodate the winding structure. Furthermore, the wire length-persingle turn wound around the center-post of the selected core of diameter F = 13.3 mm is
Therefore, total wire length is l w = Nl T = 0.799 m. Taking the leads and winding angle into account, let us assume l w = 0.82 m.
For the selected core material, the saturation flux density is B s = 0.45 T at 25
• C. However, in order to account for the rise in choke ambient temperature, a derated saturation flux density B s(min) = 0.25 T at T = 90
• C is considered. Using the given core and electrical parameters, the peak value of the magnetic flux density for the gapped core as given in (14) is
From the fundamental harmonic approximation discussed in Section II-A, the triangular waveform of the ac component of the choke inductor current is approximated by its fundamental sinusoidal component. The amplitude of the fundamental of ac component through the choke inductor is
The amplitude of the fundamental component of the flux density using (15) is
C. Power Losses in the Choke
For the selected core material and the specified operating frequency f s = 250 kHz, the Steinmetz parameters are k = 0.0573, a = 1.66, and b = 2.68. The total core power loss density at B cm = 3.644 mT using (16) is
The volume of the core is given as
Therefore, the total power loss in the gapped core using (17) is
For the copper winding, the skin depth at the switching frequency using (18) is obtained as
The dc resistance of the solid round winding is
yielding the conduction winding loss due to the dc current as
For a porosity factor η p = 0.9, the relative winding inner diameter is given by
The ac resistance of the solid round winding using (23) at f s = 250 kHz is
Hence, F R = R w /R wdc = 4.58. The power loss due to the ac component
The ratio of the winding dc power loss to the winding ac power loss is
One can observe that the winding dc power loss due to the dc current component is a much significant contributor to the overall power loss in the choke inductor. Neglecting the losses in the core and the ac winding loss, the power loss in the choke
For the third harmonic 3 f s = 750 kHz, using (8), (18), and (23), I m3 = 0.0113 A, δ w3 = 0.0764 mm, and R w3 = 0.2106 , respectively. The ac winding power loss is P w3 = 0.01345 mW, which is negligible as compared to the winding dc power loss and the power loss due to fundamental component.
The conductor resistivity increases with temperature by the relation ρ w (T ) = ρ w (25
, where α Cu = 0.00393
• C −1 . Using (21) and (22), the dc winding resistance and the winding power loss also increase with temperature, respectively. The dc winding power loss is P Rwdc = 121.3 mW at T = 50
• C and P Rwdc = 143 mW at T = 100 • C.
D. Choke Impedance
The selected AWG20 winding conductor has the following specifications: inner diameter d i = 0.812 mm, outer diameter d o = 0.879 mm, and permittivity of the wire insulating material r = 3.3. The wire length per turn l T = 41.78 mm. Assuming a tightly wound inductor, then pitch p = d o . Using (27) , the turn-to-turn capacitance is C tt = 4.905 pF. The selfcapacitance of the winding for N = 18 at k c = 1.366 using (28) is C s = k c C tt = 1.366 × 4.905 = 6.702 pF. At R w = 0.183 computed at the switching frequency, using (30), the frequency of the zero, the unloaded quality factor, and the selfresonant frequency are f zi = 4.575 kHz, Q 0 = 13.351 × 10 3 , and f 0 = 9.72 MHz, respectively.
IV. COMPARISON OF RESULTS WITH CORE-GEOMETRY COEFFICIENT (K g ) METHOD
The core geometry coefficient (K g ) method is another viable design technique for magnetic core selection [1] , [4] . This technique is based on an assumption that the ac winding loss and the ac core loss are much lower than the dc winding loss. This occurs when the ac component of the choke current is significantly lower than its dc component; therefore, a high-valued choke inductance is required to support this condition. For the purpose of comparing the outcomes of A p and K g methods, the following cases are considered.
A. Case 1: Comparison Using Calculated Choke Inductance
The electrical specifications and the inductance are as given in Section III-A. The ripple-to-dc current ratio for the given design is
The expression for the core geometry coefficient is
where α = P Rwdc /P O is a constant, which is assumed during the initial stages and the remainder of the parameters are as defined previously. Assuming α = 0.005 yields K g = 0.00194 cm 5 . From [1] , PC41811 ferrite pot core with K g = 0.005287 cm 5 is the appropriate selection. The area-product A p for the selected core from [32] is A p = 0.11413 cm 4 , which satisfies the value calculated in (34). Therefore, if the inductance is estimated based on the circuit-oriented approach, then the two methods result in nearly identical magnetic cores.
B. Case 2: Comparison Using Required Ripple-to-DC Current Ratio
In order to achieve a low ac core and winding power loss, the ripple-to-dc current ratio must be very small. Assume δ r = 1%. For I I = 2.105 A, then using (57), i L f = 0.01 × 2.105 = 21.05 mA. Using (2) and (4) in (57) results in the choke inductance as
Using (58), the core geometry coefficient is K g = 0.04376 cm 5 . Using [1] , PC3019 ferrite pot core with K g = 0.0804 cm 5 can be chosen, whose A c = 137 mm 2 , l c = 45.2 mm, and volume V c = A c l c = 6.192 cm 3 . The peak choke current is I L f (max) = I I + i L f /2 = 2.11 A. The energy stored using (9) is W L f = 0.4475 mJ. Therefore, the area-product A p using (10) is A p = 0.238 cm 4 . Using [32] , PC42213 is chosen, core volume V c = 2.81 cm 3 , i.e., the core selected using A p method is relatively smaller than that by K g method.
V. EXPERIMENTAL RESULTS
A class-E power inverter was designed, built, and tested to verify the theoretical predictions. For the specifications given in the previous section, the values of the inverter components were obtained as follows [26] : choke inductance L f = 40 μH (as calculated earlier), shunt capacitor C 1 = 81.05 nF, resonant capacitor C = 49.89 nF, resonant inductor L = 9.81 μH, and load resistor R = 1.44 . The circuit was simulated and the Fourier analysis of the choke inductor current was captured. Fig. 3 shows the simulated frequency spectrum of the choke inductor current showing the dc, fundamental, second, third, and fourth harmonics. Two main conclusions can be made: 1) the dc current component of the choke current is significantly larger than the amplitude of the fundamental component and 2) the amplitudes of the higher order harmonics are relatively smaller than the fundamental, decreases with frequency, and, therefore, can be neglected in estimating the inductor power loss. The even harmonics are present, however, they have negligible amplitudes, because the choke inductor current waveform has exponentially rising and falling edges.
The choke inductor was built using the selected core and winding conductor discussed in Section III-B. A conceptual representation of the cross-sectional view of the choke inductor with gapped core is shown in Fig. 4 . First, the ac characteristics were measured to ensure whether the operating frequency of the choke exists within the useful range of frequencies, where only the inductive properties are dominant. An HP4194A impedance/gain-phase analyzer was used to capture the measurement data. The instrument was capable of measuring the impedance up to 40 MHz. The measured low-frequency inductance was L f ≈ 48 μH. The measured dc winding resistance was R wdc = 33.33 m at the choke operating temperature T = 38
• C. The calculated value of the dc winding resistance at the choke operating temperature was R wdc = 28.48 m . A difference of 4.85 m could be attributed to the lead and parasitic resistances of the winding and the measuring equipment, respectively. The subsequent results to validate the theory takes into account the measured dc winding resistance. The measured dc current through the choke inductor was I L f = 2.173 A. Hence, the power loss in the choke due to dc current was P Rwdc = I 2 L f R wdc = 157.4 mW. As shown in Section III-B and -C, the winding power loss due to the ac component of the inductor current P wac and the core loss P Cg were much lower than the winding dc power loss P Rwdc . The choke power loss was less than 5.7% of the overall power loss of the class-E inverter. Fig. 5 compares the theoretical and experimental plots of magnitude of the impedance of the inductor. The measured resonant frequency was observed at f 0 = 10.2 MHz and the theoretically estimated value is 9.72 MHz. At the operating frequency of the described circuit, the impedance is |Z s | ≈ 70 , which is nearly 50 times higher than the load resistance. shows a comparison of the theoretical and experimental plots of phase of the inductor impedance. At dc and very low frequencies, the impedance is dominated primarily by the dc winding resistance. With increase in frequency, the inductive characteristics are dominant. At frequencies beyond the resonant frequency, the self-capacitance dominates the inductance and the phase rolls off to −90
• . If frequency-dependent winding resistance R w and inductance L f are used, Z s and φ Z s remain unchanged.
The components used in the experiments are summarized in Table I . The IRF540 silicon n-type power transistor with maximum drain-to-source voltage V DSM = 100 V, maximum drain current I DM = 20 A, and output capacitance C o = C oss − C rss = 560 − 120 = 440 pF was considered. The transistor was driven by a low-side high-speed gate-driver TC4420 by Microchip Technology. Fig. 7 shows the photograph of the laboratory prototype of the class-E inverter including the choke inductor built and tested in the previous section. Fig. 8 shows 
VI. CONCLUSION
This paper has presented the design procedure for the choke used in class-E ZVS power inverters using the area-product method. The area-product method was compared with the K g method. A gapped core has been selected to avoid core saturation. The core power loss has been evaluated through a modified Steinmetz equation for gapped cores. The ac component of the flux density was reduced significantly by the placing an air gap resulting in a low core power loss. The ac resistance of solid round winding has been determined using Dowell's equation. The dc and ac winding power losses due to the dc and ac fundamental choke current components have been determined. It has been shown that the ac winding loss is significantly lower than the dc winding loss and can be neglected for the design presented in this paper. The dc winding loss is also higher than the core power loss for the designed choke. Thus, the power loss due to the dc choke inductor current is the dominant loss component. The Fourier analysis result has revealed that the dc component of the current through the choke is dominant compared to the fundamental and the harmonics. Therefore, the power loss due to the harmonics in the choke inductor current can be neglected. The self-capacitance has been determined and can be included in the shunt capacitor of the class-E inverter. The contributions of this paper are as follows.
1) A systematic procedure to design the choke inductor for switched-mode inverters, namely, class-E ZVS inverter has been introduced. The procedure involves the design of the choke using the area-product (A p ) method, which combines both the electrical and the mechanical properties of the magnetic core and the winding. 2) Previous works on choke design were performed using the geometry coefficient method or the K g method by Sekiya et al. The results are very useful as they provide a good description of core power losses and mechanical specifications. However, there is a huge gap in the literature in the area of choke design using the area-product method, which is vital for core selection from many core distributors such as Magnetics, Inc. These distributors list A p as the core selection criterion. Therefore, the rigorous procedure for choke design, which computes the required A p , identify the appropriate core material, size, and shape, and evaluate the choke performance has been presented in this paper.
3) The outcome of the area product A p method is a magnetic core identical or smaller in volume to that obtained through the core geometry coefficient method (K g ). 4) The ac characteristics of the choke inductor have been evaluated and measured. This is very important for inverters such as class-E inverter, where the total transistor shunt capacitance plays a critical role in ensuring ZVS operation. By estimating the self-capacitance of the designed choke inductor, the total value of the external shunt capacitance can be determined, which has not been previously reported through analytical means for the class-E inverter. Also, the bandwidth of the inductors that shows a good performance over a range of frequencies has also been presented. Future work can be to extend the presented methodology for the design of chokes in other switched-mode inverters and radiofrequency power amplifiers and study for design optimization.
